The effects of heterozygote advantage for fitness at a recessive male-sterility and at a dominant female-sterility locus, and the effects of linkage between these loci, were studied with reference to the maintenance of males and females in hermaphrodite populations. With some values for heterosis, and with free recombination, males, females, hermaphrodites and neuters were retained in equilibrium populations.
INTRODUCTION
AMONG the flowering plants dioecy appears to have evolved from hermaphroditism on many occasions. Consequently, the flowering plants may prove useful in studying various stages in the evolution of dioecy. Lewis (1942) suggested that dioecy could have evolved in some flowering plants through the occurrence of two mutations, a recessive m for male sterility, and a dominant F for female sterility. Complete linkage between the two loci would be needed in order to prevent the generation of hermaphrodites and neuters by recombination. Thus we have the following scheme: mf/mf x MF/mfd', giving only the parental types in the offspring. Recombinant gametes Mf, mf would upset the system by leading to the production of hermaphrodites, and neuters, respectively.
Lewis' scheme appears to account in outline for a possible mode of origin of dioecy, but it does not consider the process by which the sterility mutants spread through the population, ultimately displacing the wild-type alleles for fertility. If the mutants differ from wild type solely in the sterility of one sex, they will require some mechanism to maintain them and cause their spread through the population.
In this paper we adopt Lewis' model for the evolution of dioecy, and we consider the effects of heterosis and linkage on the maintenance of the maleand female-sterility mutations.
METHOD
The method is a computer simulation of a model developed by Shaw (1957) for unisexual organisms, and modified for hermaphroditic plants by Ross and Shaw (1971) Ross and Shaw (1971) . We have used values for heterosis which are symmetrical and multiplicative between loci, e.g. when the heterozygote at the first locus has a fitness value two times that of the homozygote, then the heterozygote at the second locus is also given a fitness value of two times that of the corresponding homozygote, while the fitness value of the double heterozygote is taken as four times that of the double homozygote. Fitness values used in this study are given in table 1. Table 2 gives the equilibrium proportions of the sex forms for varying degrees of heterosis at the sex-determining loci, and for varying amounts of recombination between these loci. The table also gives linkage disequilibrium, D. Where there is no heterosis, the population tends to become wholly hermaphrodite, as expected, while for the lowest heterosis value (1.3) only females and hermaphrodites are found at equilibrium. When the heterosis value reaches 2, equilibrium proportions of the various sex forms become affected by recombination frequency, and males and neuters, in addition to females and hermaphrodites, may appear in the population.
RESULTS
With increased values for heterosis (3 and 10), and free recombination In addition to presenting information regarding sex phenotypes, table 2 also contains genotype frequencies. The table shows that with increased heterosis the heterozygous hermaphrodite, Mmff, increases with respect to the homozygous hermaphrodite, MMff, as expected. At the low hererosis value (1 3) there are no males at equilibrium, but females (genotype mmff) are present. These would be produced by crosses among heterozygous hermaphrodites, Mmff. Of the three male genotypes, MMFf, MF/mf, Mf/mF, the first two increase in frequency, and the third decreases, with reduced recombination; the third type is finally lost when c 0. At this point gamete mF is lost from the population, thereby ensuring the loss of the neuters also. The first male genotype, MMFf, is not lost from the population under any of the conditions in the model, and would be maintained as long as hermaphrodites and males of the second genotype remain.
Discussior
We have shown that heterosis and linkage could interact to maintain males and females in initially hermaphrodite populations, where males and females are inherited by two separate mutations. Increased proportions of males and females are associated with reduced recombination and increased heterozygote advantage. Under conditions which maintain the highest proportions of males and females in the model, several features known or thought to be associated with dioecy are found. Such features are complete linkage between male-sterility and female-sterility genes, positive linkage disequilibrium, absence of repulsion heterozygotes and absence of neuters. Several other features of the model are not associated with strict dioecy.
Among these are presence of hermaphrodites and presence of more than one male genotype. However, populations of subdioecious or "polygamodioecious" species may contain considerable proportions of more or less hermaphroditic individuals, together with females and males.
The fitness interactions between loci assumed in the present model are simple, but many others are of interest and have been studied theoretically (e.g. Jam and Allard, 1966) . Complex fitness interactions have been observed in barley populations (Weir, Allard and Kahler, 1972) , and it appears that the application of other fitness models to the present situation could be of interest.
INTRODUCTION
GIEMSA-STAINING methods developed, initially, by Pardue and Gall (1970) have revealed hitherto undetectable and indeed unsuspected patterns of structural differentiation in metaphase chromosomes. The following account describes how Giemsa staining in rye may be used to identify individual chromosomes within the complement and, as well, to map the distribution of heterochromatirt within the chromosomes.
MATERIALS AND METHODS
The rye plants used were from a population carrying B chromosomes, the B frequency ranging from 0 to 8 per plant. The population was derived initially from crosses between plants of Secale cereale, of the variety Stalrag, and S. vavilovii plants carrying B's (see Jones and Rees, 1967) . We could detect no morphological difference between the chromosome complement of this population and those of" pure" S. cereale populations. The reason for choosing this particular population was that it contained many B's.
Seeds were germinated on moist filter paper in petri dishes in the dark at 20° C. Roots from seedlings with three to five roots were immersed in 02 per cent colchicine for 5 hours and fixed, subsequently, for 4 hours in
